
SECTION F . OUTLET STRUCTURES 

~orlt en t s Page 

I . INTRODUCTION . . . . . . . . . . . . . . . . . . . . . .  F-1 

I1 . CANTILEVER OUTLET . . . . . . . . . . . . . . . . . . .  F-1 

I11 . PWD BASIN . . . . . . . . . . . . . . . . . . . . . . .  F-2 

. . . . . . . . . . . . . . . . . . . . .  IV . IMPACT BASIN F-3 

V . SAF BASIN . . . . . . . . . . . . . . . . . . . . . . .  F-4 
VI . OTHER OUTLETS . . . . . . . . . . . . . . . . . . . . .  F-6 

. . . . . . . . . . . . . . . . .  VII . OUTLET SELECTION CHART F-6 

VIII . EXAMPLE 

A . Problem1 . . . . . . . . . . . . . . . . . . . . .  F-7 

B . Problem 2 . . . . . . . . . . . . . . . . . . . . .  F-7 

Figures 

F-1 PWD Outlet Structure . . . . . . . . . . . . . . . . .  F-21 
. . . . . . . . . . . . .  F-2 Impact Basin Outlet Structure F-23 

. . . . . . . . . . . . . .  F-3 Riprap Size Selection Curves F-25 

. . . . . . . . . . . . .  F-4 Cantilever Outlet Plunge Pool F-27 

. . . . . . . . . . . .  F-5 Cantilever Bent Selection Chart F-29 

. . . . . . . . . . . .  F-6 Cantilever Outlet Bent (ES-105) F-31 

. . . . . . . . . . . .  F-7 Cantilever Outlet Bent (ES-106) F-33 

. . . . . . . . . . .  F-8 Cantilever Outlet Detail (ES-107) F-35 

. . . . . . . . . . . . .  F-9 Cantilever Outlet Timber Bent F-37 

F-10 Construction Drawing . PWD Basin . . . . . . . . . . . .  F-39 

. . . . . . . . . . . .  F-11 Outlet Structure Selection Chart F-41 





SECTION F - OUTLET STRUCTURE 

I. INTRODUCTION 

Flow from the  r e s e r v o i r  through t h e  o u t l e t  condui t  may be  
c a r r i e d  f o r  some d i s t a n c e  through an i r r i g a t i o n  p i p e l i n e  d i s t r i -  
bu t ion  system o r  d i scharged  just beyond t h e  t o e  of  t he  embank- 
ment. I n  any even t ,  water  w i l l  emerge a t  r e l a t i v e l y  h igh  
v e l o c i t y  whether d i s cha rg ing  submerged i n  a  poo l  o r  f r e e l y  i n t o  
t he  a i r .  Where i t  i s  t o  be  c a r r i e d  i n  an e a r t h  channel,  an 
o u t l e t  s t r u c t u r e  is  r equ i r ed  t o  d i s s i p a t e  o r  absorb excess  
energy. The flow should  pass  i n t o  t h e  e a r t h  channel a t  non- 
e r o s i v e  v e l o c i t i e s  f o r  a l l  s t a g e s  of d i scharge  t o  prevent  under- 
mining of t h e  o u t l e t .  

Seve ra l  types of o u t l e t  s t r u c t u r e s  have been used s u c c e s s f u l l y  
i n  Se rv i ce  work. Condi t ions under which each of fou r  types  
should be  used has  been descr ibed  i n  terms of h y d r a u l i c  l i m i t a -  
t i o n s  and economics on F igure  F-11. 

The s t r u c t u r e  most s u b j e c t  t o  v a r i a t i o n  i n  c o s t  due t o  s i t e  
cond i t i ons  is  t h e  c a n t i l e v e r  o u t l e t  and i ts  plunge pool .  This  
i s  e s p e c i a l l y  t r u e  i f  t h e  pool  r e q u i r e s  armor p l a t i n g .  The 
o t h e r  types compared a r e  t h e  PWD, Impact,  and t h e  SAF b a s i n s .  

11. CANTILEVER OUTLET 

The c a n t i l e v e r  o u t l e t  is  a  low c o s t  t e rmina l  s t r u c t u r e  t h a t  depends 
on turbulence  i n  a  plunge b a s i n  f o r  energy d i s s i p a t i o n .  Its economy 
is  most apparent  i n  s i t u a t i o n s  where t h e  s o i l  m a t e r i a l  i n  t h e  down- 
s t ream channel  is  e r o s i o n  r e s i s t a n t .  I ts  economy i s  a l s o  ev ident  
when rock is  r e a d i l y  a v a i l a b l e  and cheap and used a s  an armor p l a t -  
i n g  of t h e  plunge b a s i n  where t h e  foundat ion m a t e r i a l  is less 
e r o s i o n  r e s i s t a n t .  Whether armor p l a t i n g  wi th  rock o r  n o t ,  a  
preformed scour  h o l e  is recommended. I f  n o t  preformed, t h e  m a t e r i a l  
scoured from t h e  plunge b a s i n  w i l l  be  depos i ted  i n  t h e  channel down- 
s t ream forming an a r t i f i c i a l  b a r r i e r  r a i s i n g  t h e  t a i l w a t e r  l e v e l  
and poss ib ly  submerging t h e  o u t l e t  t o  a f f e c t  t he  hyd rau l i c s  of t h e  
condui t  system. I t  i s  important  t h a t  t h e  j e t  t r a j e c t o r y  have some 
drop from t h e  condui t  t o  pool water  s u r f a c e  f o r  b e t t e r  energy 
d i s s i p a t i o n  wi th in  t h e  pool.  

A schematic  diagram and nomenclature of  t h e  c a n t i l e v e r  o u t l e t  and 
t h e  s t i l l i n g  bas in  i s  given on Figure F-4. Design c r i t e r i a  f o r  
p ropor t i on ing  t h e  b a s i n  i s  given i n  SCS Design Note No. 6,  The 
va lue  of  p  i n  Figure F-4 should be  a  minimum of one foo t .  For 
c a l c u l a t i n g  q u a n t i t i e s  above t h e  plane of t h e  downstream channel  
i n v e r t ,  t h e  fol lowing equa t ion  i s  given a s  supplementary t o  those  
of Design Note No. 6:  



The nomenclature i s  t h a t  given on F igure  F-4 except t h a t  y is  t h e  
v e r t i c a l  d i s t a n c e  t o  t h e  upper l e v e l  plane of  excavat ion o r  r i p r a p .  
The a r e a  of t h e  downstream channel en t r ance  i s  included i n  t h e  
volume and must be  deducted from t h e  rock q u a n t i t i e s .  

Information on s t r u c t u r a l  d e t a i l s  f o r  t h e  c a n t i l e v e r  o u t l e t  i s  
given i n  Figure F-5 through F-9. I n  a l l  c a se s  t h e  bottom of t he  
c a n t i l e v e r  bent  should extend t o  a  l e v e l  below t h a t  of t h e  bas in  
bottom, un l e s s  i t  r e s t s  on rock. 

Use of t h e  c a n t i l e v e r  o u t l e t  should be  r e s t r i c t e d  t o  s i tes  where 
i t  i s  compatible wi th  t h e  surrounding improvements and p ip ing  i s  
n o t  a  foundat ion problem. 

On occasion a  submerged o u t l e t  has  been used; t he se  should be 
l i m i t e d  i n  use t o  smal l  o u t l e t s  and low system heads.  No des ign  
c r i t e r i a  i s  given h e r e  f o r  t h e  propor t ion ing  of t h i s  o u t l e t  type. 

PWD BASIN 

PWD i s  an abb rev i a t i on  f o r  Publ ic  Works Department. This  bas in  
i s  recommended f o r  low head systems. A diagram of t h i s  s t r u c t u r e  
and i t s  propor t ions  f o r  va r ious  head-conduit diameter  combinations 
i s  given i n  Figure F-1. For e f f e c t i v e  ope ra t i on ,  t h i s  s t r u c t u r e  
depends on t h e  formation of  a  hyd rau l i c  jump f o r  energy d i s s ipa -  
t i o n ,  consequently t a i l w a t e r  is  an important  cons ide ra t i on .  
P l a t e  F-1 i l l u s t r a t e s  f a u l t y  ope ra t i on  as a r e s u l t  of inadequate  
t a i l w a t e r .  The c r e s t  of t h e  o u t l e t  s i l l  should be  set a t  t h e  
same e l e v a t i o n  a s  t h e  i n v e r t  of t h e  condui t  o u t l e t .  Flow v e l o c i t i e s  
i n  t h e  downstream channel  should be  i n  t h e  s u b c r i t i c a l  v e l o c i t y  
range wi th  normal depth equa l  o r  g r e a t e r  than c r i t i c a l  depth a t  
t h e  s t r u c t u r e  s i l l .  Riprapping t h e  bottom and s i d e s  of  t h e  channel 
f o r  a  d i s t a n c e  of four  condui t  d iameters  downstream of t h e  s t r u c t u r e  
i s  recommended f o r  shal low t a i l w a t e r  condi t ions .  This  w i l l  a l s o  
provide t r a n s i t i o n  p r o t e c t i o n  when t h e  channel i s  wider than t h e  
s t r u c t u r e .  Refer  t o  Figure F-3 f o r  rock r i p r a p  s i z e .  

A sample of a  s tandard  drawing f o r  t h i s  type s t r u c t u r e  has  been 
included i n  t h i s  s e c t i o n  a s  Figure F-10. 



PLATE F-1 

IV. IMPACT BASIN 

The impact basin is recommended for use with long duration flows 
and where the downstream water level will not meet the minimum 
tailwater requirements for the formation of a hydraulic jump. 
Entrance velocities should be restricted to less than 30 fps. 
Figure F-2 is a schematic diagram and a selection chart for vari- 
ous head-conduit size relations within the limits of the hydraulic 
capacity of this type of structure. 

A short length of conduit leading directly into the impact basin 
should be level or set on a slight positive slope. During low 
flows, experience has shown the jet leaving a steeper conduit 
will miss the impact wall completely. 

Impact basins should not be used with open top inlets where 
heavy or long debris can be expected unless an extensive trash 
rack is used. 



Riprapping the  bottom and s i d e s  of t he  downstream channel f o r  a  
d i s t a n c e  of f o u r  conduit  diameters  i s  recommended. Refer  t o  
F igure  F-3 f o r  r i p r a p  s i z e s .  

For compu~ing t h e  hydrau l i c s  of a  f u l l  flow conduit  system using 
an  impact b a s i n ,  THE OUTLET WATER SURFACE SHOULD BE ASSUMED TO 
BE AT THE TOP OF THE BAFFLE WALL. 

A sample of t h i s  s t r u c t u r e  has been included i n  t he  completed 
example i n  Sec t ion  H a s  Figure H-5. 

V. SAF BASIN 

The S t .  Anthony F a l l s  hydrau l i c  l abo ra to ry  developed an energy 
d i s s i p a t i n g  s t r u c t u r e  used ex tens ive ly  i n  the  Serv ice .  This  
s t r u c t u r e  is  known as t h e  SAF b a s i n .  It is  recommended f o r  long 
d u r a t i o n  flows, h igh  en t rance  v e l o c i t i e s  and d ischarges  i n  excess 
of 400 c f s .  This s t r u c t u r e  has  no t  been s tandard ized  because of 
t he  number of v a r i a b l e s  involved s o  t h a t  each i n s t a l l a t i o n  is  a  
s e p a r a t e  design.  NEH 14 ,  ''Chute Spillways", provides procedures  
f o r  t h e  hydrau l i c  propor t ion ing  of t h e  SAF bas in .  

The SAF b a s i n  depends on t h e  h y d r a u l i c  jump f o r  energy d i s s ipa -  
t i o n .  Unless t a i l w a t e r  s a t i s f i e s  t h e  jump requirements over the 
major po r t ion  of t he  d ischarge  range i n e f f e c t i v e  ope ra t ion  
r e s u l t s .  The r a t i o ,  TW/D2,  t a i l w a t e r  depth (TW) t o  depth re- 
qu i r ed  f o r  the  jump, ( D 2 ) ,  should be w i t h i n  the  l i m i t s  of 0 . 8  t o  
1.2 f o r  t h e  f u l l  range of d i scharge  ( see  P l a t e  F-2). However, 
f o r  low d ischarge  s h o r t  du ra t ion  flows t h e  t a i l w a t e r  r a t i n g  
curve may exceed the  TW/D2 r a t i o  of 1 .2  wi thout  s e r i o u s  conse- 
quence. 

P l a t e  F-3 i s  an e x c e l l e n t  i l l u s t r a t i o n  of malfunct ion i n  a  SAF 
b a s i n  because of inadequate  t a i l w a t e r .  Loss of a  hydrau l i c  
c o n t r o l  downstream o r  degradat ion of  the  channel i s  the  usua l  
cause of low t a i l w a t e r .  Because of low t a i l w a t e r ,  the h igh  
v e l o c i t y  j e t  leaves t h e  s t r u c t u r e  w i th  l i t t l e  energy l o s s  
f u r t h e r  aggravat ing t h e  downstream scour  problem. 

Eleva t ion  of the  SAF apron should b e  e s t ab l i shed  by us ing  the 
lowest  roughness c o e f f i c i e n t  and a scoured grade l i n e  i n  t he  
hydrau l i c s  of t he  downstream channel.  E leva t ion  of t h e  top of 
t h e  SAF s idewa l l  should be  checked us ing  the  h ighes t  roughness 
c o e f f i c i e n t  i n  t h e  downstream hydrau l i c s .  
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V I .  OTHER OUTLETS 

S e v e r a l  o t h e r  t y p e s  and v a r i a t i o n s  of t h e  above s t r u c t u r e s  have 
been  used i n  t h e  p a s t  w i t h  s u c c e s s .  These have been f o r  s p e c i a l  
i n s t a l l a t i o n s  w i t h  l i m i t e d  a p p l i c a t i o n .  Four d e s e r v i n g  s p e c i f i c  
ment ion a r e  t h e  Manifold  O u t l e t ,  B i a n c h i  Bench, SCS B a f f l e ,  and 
t h e  Submerged O u t l e t .  No coverage o f  t h e s e  s t r u c t u r e s  is  g iven  
h e r e .  

V I I .  OUTLET STRUCTURE SELECTION CHART 

F i g u r e  F-11 is  n o t  i n t e n d e d  a s  a n  a l l  i n c l u s i v e  e v a l u a t i o n  o f  
o u t l e t s  b u t  r a t h e r  as an  a i d  t o  t h e  l e s s  exper ienced  i n  e l imin-  
a t i n g  t h o s e  c h o i c e s  between t y p e s  o f  o u t l e t s  h y d r a u l i c a l l y  
i n a d e q u a t e  o r  economical ly  u n d e s i r a b l e  f o r  a g iven  s e t  o f  condi- 
t i o n s .  

Th i s  f i g u r e  h a s  been d i v i d e d  i n t o  two c o n d i t i o n s :  

Condi t ion  1 - rock  r i p r a p  i s  n o t  r e q u i r e d  i n  c a n t i l e v e r  
o u t l e t  p lunge  b a s i n ,  and 

Condi t ion  2 - rock  r i p r a p  i s  r e q u i r e d  i n  c a n t i l e v e r  o u t l e t  
p lunge  b a s i n .  

B e f o r e  u s i n g  F i g u r e  F-11, t h e  downstream channe l  c o n d i t i o n s  
s h o u l d  be  e v a l u a t e d .  I f  rock  r i p r a p  i s  n o t  r e q u i r e d ,  Char t  A i n  
Condi t ion  1 p r o v i d e s  a  c h o i c e  between a c a n t i l e v e r  o u t l e t  and a  
PWD b a s i n .  The PWD b a s i n  shou ld  b e  a c c e p t a b l e  on ly  i f  t h e  
t a i l w a t e r  requirement  can  b e  s a t i s f i e d  as d e s c r i b e d  i n  t h e  d i s -  
c u s s i o n  of h y d r a u l i c  jump ( s e e  P l a t e  F-2). For c o n d u i t  d i a m e t e r s  
t o  30 i n c h e s  t h e  s t a n d a r d  PWD s t r u c t u r e  i s  more economical .  
Above 30" c o n d u i t  d i a m e t e r ,  f o r  low h e a d s ,  a  modif ied PWD 
s t a n d a r d  s t r u c t u r e  i s  less expens ive  t o  c o n s t r u c t .  I t  i s  t h e  
d e s i g n e r ' s  cho ice  t o  u s e  e i t h e r  t h e  c a n t i l e v e r  o r  t o  modify t h e  
s t a n d a r d  FWD s t r u c t u r e  w i t h  t h e  dimensions  shown i n  F igure  F-1. 

I f  i t  has  been  determined t h a t  rock  r i p r a p  i s  r e q u i r e d  down- 
s t r e a m  of t h e  o u t l e t  s t r u c t u r e ,  Condi t ion  2 a p p l i e s .  When t h e  
u n i t  c o s t  r a t i o  of r e i n f o r c e d  c o n c r e t e  t o  rock r i p r a p  i s  l e s s  
t h a n  1 3 ,  s e l e c t  a s t r u c t u r e  from C h a r t  B .  A t  t h i s  p o i n t  t h e  
c h o i c e  is between t h e  SAF, Impact and PWD b a s i n s ;  t h e  d i v i s i o n s  
between t h e  t h r e e  t y p e s  i s  based  on h y d r a u l i c  l i m i t a t i o n s .  
Reference is  made t o  F i g u r e  F-1 and F-2 f o r  f u r t h e r  s i z e  s e l e c -  
t i o n  of t h e  PWD o r  Impact b a s i n s .  

However, i f  t h e  u n i t  c o s t  r a t i o  of r e i n f o r c e d  c o n c r e t e  t o  rock 
r i p r a p  i s  g r e a t e r  t h a n  13, t h e  c o s t  of a  c a n t i l e v e r  o u t l e t  w i t h  
armor p l a t e d  p lunge  p o o l  s h o h d  b e  compared w i t h  one o f  t h e  t h r e e  
s e l e c t e d  from Char t  B.  



V I I I  . EXAMPLE 

By t h e  t i m e  t he  system a n a l y s i s  ha s  progressed  t o  t h i s  p o i n t  one 
of t h e  condui t s  would have been s e l e c t e d  f o r  f i n a l  des ign .  To 
i l l u s t r a t e  procedure a few comments a r e  o f f e r e d  regard ing  those  
o u t l e t s  s u i t a b l e  f o r  condui t s  no t  used i n  t h e  cont inu ing  example. 

Ord ina r i l y  metal  p i p e  ( s t e e l  o r  CMP) would be can t i l eve red  from 
a t imber  ben t .  F igure  F-11 does n o t  r e f l e c t  t h e  economy i n  
i n i t i a l  cons t ruc t ion  f o r  t h i s  combination of cons t ruc t ion  mater- 
i a l s  . 
Both t h e  20" s t e e l  p i p e  and t h e  24" CMP would be  c a n t i l e v e r e d  
from a timber ben t .  D e t a i l s  f o r  t h e  ben t  can be found on F igure  
F-9. I f  t he  s teel  p i p e  i s  t o  be  encased a  R/C ben t  would b e  
used and d e t a i l s  from Figures  F-6 through F-8 would be  s e l e c t e d .  

The example w i l l  b e  cont inued us ing  t h e  21" R / C  condui t .  

A .  Problem 1 

Given: System head of  20 f e e t  and 21" R / C  condui t .  

Determine: Type o f  o u t l e t  and cons t ruc t ion  drawing d e t a i l s .  

Problem Analysis  : 

1. Evaluate  need f o r  armor p l a t e  i n  plunge pool .  

2.  Determine o u t l e t  type  us ing  Figure F-11. 

3 .  S e l e c t  app rop r i a t e  s t r u c t u r e  s i z e  from Figure F-1, F-2, 
o r  F-4. 

So lu t ion :  Re fe r r ing  t o  Figure F - l l w i t h  a head of 20 f e e t  
and a  21" condui t  s i z e ,  f i n d  choices :  

1. I f  no armor p l a t i n g  is r equ i r ed ,  from Chart A s e l e c t  
s t anda rd  PWD b a s i n  s i z e  D. The drawing number can be 
found on F igure  F-1. 

2. I f  armor p l a t i n g  i s  r e q u i r e d ,  from Chart B s e l e c t  impact 
b a s i n  and r e f e r  t o  Figure F-2 f o r  s i z e  and s t anda rd  
drawing number. 

B.  Problem 2 

Given: Sys t e m  head of 20 f e e t  and 21" R/C condui t .  

Determine: Cons t ruc t ion  cos t  and annual  cos t  of a l t e r n a t e  
o u t l e t s  and eva lua t e .  



Problem Analys i s :  

1. Ca lcu l a t e  c o n s t r u c t i o n  c o s t s  f o r  - 

a .  Can t i l eve r  o u t l e t  un l ined  plunge pool  
b.  Can t i l eve r  o u t l e t  w i t h  armored plunge poo l  
c. PWD b a s i n  
d. Impact b a s i n  

2.  Ca l cu l a t e  annual  c o s t s  f o r  each o u t l e t .  
3 .  Evaluate  r e s u l t s .  

So lu t ion :  I n  t h i s  comparison two a l t e r n a t e  s i t u a t i o n s  a r e  
considered : 

1. O u t l e t  c o n t r o l  wi th  t h e  system head t h e  same f o r  a l l  
a l t e r n a t e s .  

2 .  O u t l e t  e l e v a t i o n  (downstream channel grade)  t h e  same f o r  
a l l  a l t e r n a t i v e s .  

These a l t e r n a t e  condi t ions  a r e  presen ted  t o  i l l u s t r a t e  t h e  
need f o r  having some idea  of t h e  o u t l e t  t y p e  dur ing  t h e  
i n i t i a l  h y d r a u l i c  p ropor t i on ing  of t he  system. 

For t he  c o n s t r u c t i o n  c o s t  comparisons the fol lowing u n i t  
p r i c e s  w i l l  b e  used: 

1. Excavat ion,  cu yd 
Plunge b a s i n  and downstream channel $0.50 
S t r u c t u r e  1.00 

2.  S t r u c t u r e  b a c k f i l l ,  cu yd 1.00 
3 .  Rock r i p r a p  ( inc lude  f i l t e r )  cu yd 7.50 
4. Reinforced conc re t e ,  cu yd 100.00 
5. R/C condu i t ,  l i n  f t  20.00 

For t h e  annual  c o s t  comparison t h e  fo l lowing  f a c t o r s  w i l l  be  
used: 

1. Annual maintenance (% of cons t ruc t ion  c o s t )  

a.  Concrete s t r u c t u r e  
b .  Ear th  channel 
c .  Rock Riprap 
d .  Ear th  b a c k f i l l  

2 .  P r o j e c t  l i f e  - 50 yea r s  (no sa lvage  va lue)  

3 .  I n t e r e s t  rate - 6% c r f  - 6% - 50 = 0.06344 



Calcu la t i ons  suppor t ing  c o n s t r u c t i o n  and annual c o s t s  f o r  
t h r e e  d i f f e r e n t  o u t l e t  types  a r e  presen ted  on t h e  follow- 
i n g  pages F-11 through F-20. 

From t h e  c o s t  summaries l i s t e d  on page F-20 i t  can be  
s e e n  t h a t  c o s t  economy favors  t h e  PWD o u t l e t  f o r  a  comparable 
head condi t ion .  For t he  comparable downstream channel e l e v a t i o n  
t h e  c a n t i l e v e r  o u t l e t  w i t h  e a r t h  plunge pool  is  less c o s t l y .  Any 
s i g n i f i c a n t  change i n  t h e  u n i t  p r i c e  of cons t ruc t ion  o r  mainten- 
ance cos t s  could change t h e  most economical choice.  This  s t a t e -  
ment is  e s p e c i a l l y  t r u e  i f  rock r i p r a p  was r e a d i l y  a v a i l a b l e  and 
t h e  cos t  of concre te  was high.  

The choice of o u t l e t  s t r u c t u r e  has  been reduced t o  t he  c a n t i l e v e r  
o u t l e t  and PWD b a s i n .  F i n a l  s e l e c t i o n  w i l l  depend on c a r e f u l  
eva lua t ion  of t h e  downstream condi t ions .  From t h e  d a t a  given a 
PWD b a s i n  would b e  recommended. 

For purposes of  i l l u s t r a t i o n  an impact b a s i n  has  been used i n  the  
cont inu ing  example and inc luded  i n  Sec t ion  H ,  Drawing Layout and 
Summary. 

The importance of economics i n  des ign  cannot be  unde r r a t ed ,  b u t  
t h e  des igner  musr n o t  l o s e  s i g h t  of  t h e  p o s s i b i l i t y  of  changes 
i n  t he  phys i ca l  and f u n c t i o n a l  requirements  of t h e  s i t e ,  and t h e  
added s a f e t y  t h e  more c o s t l y  s t r u c t u r e  might p rovide ,  such as :  

1. The impact b a s i n  has  more p o s i t i v e  energy d i s s i p a t i o n .  

2.  I f  o f f s i t e  condi t ions  make the  t a i l w a t e r  r a t i n g  curve  unre- 
l i a b l e ,  t he  c a n t i l e v e r  b a s i n  would be a  b e t t e r  choice.  

3. I f  t he  o u t l e t  des ign  cond i t i on  i s  no t  t h e  maximum flow 
condi t ion  and t h e r e  could be  pe r iods  of  g r e a t e r  d i scharge ,  
t h e  FWD b a s i n  would b e  more s u s c e p t i b l e  t o  damage. 

4 .  Aes the t i c  va lues  of one o u t l e t  as  compared t o  ano the r  o u t l e t  
a r e  a  cons ide ra t i on ,  e s p e c i a l l y  i n  a  more i n t e n s e l y  developed 
a r ea .  
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EXAMPLE: 
Select structure size for use with o 24" conduit ond o 

(o j  /o;heod 
fb) 60 heod 

Q - C ~ S  2-4 5 - / O  8 - 2 4  20-66 58-/32 /20-280250-490450-640 

/ 0 '  / 6 '  21- 3" 3'- 0'' 4'- 0'' 5'- 0" 6'-01' 

6" g" ' -  1'- 6 '  2)- 0)' 2:6l1 3'-0'' 

Enter chort with proper reservoir sfoqe ond project o 
i t  size. For the /0' heod f i nd  - ~ 

size I'D" direct/y. For the 60' heod 
f ind  size 'F I" 

Outlet conduit 

PLAN 

L" Preformed 
joint fil ler 

I 
Pipe I 

dio. I 
! WS. ch on%n ver t 

--- 

er thickness 

1 F iNer  loyer  
Length thickness = d50 - 

I 

( 6  "m in imumj  

SECTIONAL ELEVATION 

I Std. D wg. No. 11 7- E - 20463 S u f f i x e d  by size le t te r  for refinement in quantities f o r  
vorious conduit types ond sizes, 

For riprop size se/ection 
curves for d50 see Figure F - 3  

F I G U R E  F-I 

P.W. D. OUTLET STRUCTURE 
E W P  Unit  Port land ,Oregon 



PERSPECTIVE VIEW 

II pipe flow) 

Example: 
Conduit dia - - - - - - 3 0  inches (fu 
Velocity - - - - - - - 2 0  fps 
At intersection f ind- - - - 10.4 f t  basin 
Use standard structure size I I .O feet 

width 

Revised 6 - 7 0  

The quantities listed are approximate and 
vary with the size o f  the inlet conduit. 

Reference : USDl  ~ e p o r t *  HYD- 572 

F-2 3 
Note : The basin width selected 

shall be that width directly 
above or to  the right of 

SIZE SELECTION CHART 
FIGURE F - 2  

IMPACT BASIN 
OUTLET STRUCTURE 

E WP Unit Portland, Oregon 



Equotion anolysis for dS0 Riprap /ffyer thickness = 3d', 
Filter layer thickness = ds0 

L 
FIGURE F-3 

Ap = Area of the pipe (ff.=l b = bottom widfh ( f t l  
H = Head (ff.) I$, = Head /ass coefficient 

RIPRAP SIZE SELECTION 
for ~ i ~ e  CURVES (dS0) . . 

EWPUnit Portland, Oregon 



Conduit --1 

Water Surface a t  
Maximum Discharge 

Sti l l ing Basin - Def in i t ion  Sketch 

thickness of r iprap or  t o t a l  thickness of r lp rap  and f i l t e r  material,  f t  

thickness of riprap, f t  

t o t d l  thickness of r iprap and f i l t e r  material,  ft 

s i z e  of r ip rap  of which 50 percent by weight i s  smaller, ft 

inside diameter of conduit, ft 

depth of s t i l l i n g  basin below invert  of ou t le t  channel, f% 

depth of water i n  the  s t i l l i n g  basin a t  the  maximum conduit discharge, ft 

v e r t i c a l  dis tance from t h e  inside crown of the  conduit t o  the  water surface i n  t h e  s t i l l i n g  
basin a t  t h e  maxin~uh conduit dis&arge, ft 

mean ve loc i ty  i n  the conduit f o r  full pipe flow a t  maximum discharge, f t / sec  

volume between a horizontal plane a t  t h e  invert  of t h e  o u t l e t  channel and a surface a t  a 
thickness = a below the  exposed r ip rap  surface, cu yds 

volume of r ip rap  below a horizontal  plane a t  the  invert  of t h e  ou t le t  channel exclusive of 
t h e  volume i n  t h e  Riprap F i l t e r  Cap, cu yds 
Va=a, - Va=o 

volume of f i l t e r  material,below a horizontal plane a t  the  invert  of t h e  o u t l e t  channel 
including t h e  volume :n t h e  Riprap F i l t e r  Cap, cu yds - 
= a  va=a, 

volume i n  t h e  Riprap F i l t e r  Cap'below a horizontal  plane a t  t h e  invert  of t h e  o u t l e t  channel, 
cu yds 

horizontal  dis tance from t h e  o p t l e t  end of t h e  conduit t o  t h e  center  of t h e  s t i l l i n g  basin, 
f t  

For determining t h e  depth of t h e  s t i l l i n g  basin, 

For determining t h e  position o f  the  s t i l l i n g  basin, assuming t h e  conduit i s  horizontal a t  t h e  o u t l e t ,  

For determining t h e  volumes in the s t i l l i n g  basin, 

V, = 25(1.167h + 1.o6aIs - 0.029(h + 0.36aI3 

REFERENCE 
S C S  Design Note No. 6 FIGURE F - 4  

CANTILEVER OUTLET 
PLUNGE POOL 

E W P  Unit Portland, Oregon 



Note:  
For conduit size l2" to  36" 

Note.' 
For conduit size 42" to 60 " 

FIGURE F - 5  
CANTILEVER BENT 
SELECTION CHART 

E W P  Unit Portland, Oregon 



bituminous filler, 

ISCtMETRIC VIEW 

Construction joint 

\ 

- /-I 
TYPE T I  TYPE 2 TYPE 2 

The bor schedule is listed in  the opproximote order of plocement. Bors F1 through F5 
ore contoined in the f irst pour. All reinforcing' steel is  round. St. mdons stroight. 

BAR TYPE DETAILS 4" preformed bituminous 
f i l ler 10 f wide. 

chomfer-, 

ELEVATION 

NOTES 

I: Closs "€3" concrete, *.f; =~,OOO psi. fs=20,000 psj 
2. All exposed edge; will hove 3 inch chamfer 

3. All reference t o  pipe diometer is the inside 
diometer of the outlet pipe. 

4. The bar mork numbers indicote the respective 
bor locations. 

5. Quantities include column and footing 

6. All steel plocement dimensions ore t o  center 
of bors. 

p I 0  y 
SECTION A-A SECTION C-C 

1 .  I I I J 

I ;T 
F 1 

Bottom steel 

W 

PLAN 

PLAN-FOOTING 

FIGURE F-6 

CANTILEVER OUTLET BENT 
EWP Unit Portland, Oregon 

I 1 
HALF-SECTION B-B Q 

REFERENCE: 
ES 105 



PIPE DIA W L M N P X MARK SIZE SPACING d e f 9 QUAN.kENGfH TYPE A B C TOTAL FT. 
F I  4 1 - 2  0 - 3  4 6 - 9  St. 27 -0  
F2 4 0-llkg 0-33,; ~ 

' 

- -  - 8  - 3 -6  St. .-: 28-73 : 
F 3  4 0-Ilk 0-3'4 8 

' 

3 - 6  St. 
F 4  4 0-10 - 2 8 - 0  

0-4 5 6-9 St. _ 33-9 
42" 4 - 0  7-3 1-0 1-0 3-3  5 - 3  F 5  6 4 - 2 - 6  - 2 ' t-6-: I--0 1' 10-0 

- -  - 0 -  6 9- 6 

%==E 

PI- 
- 

Construction joint a 

ISOMETRIC VIEW 

-?A 

I TYPE 2 TYPE TI. 

i B A R  T Y P E  DETAILS  

f l  r f m ~ ? ~ m f y  m e  ba r  schedua is listed in the opproximote order of placement 

P L A N  -FOOTING 

R E F E R E N C E :  
E S  106 

I 1 1  I .  
I 

ELEVATION ELEVATION 

4 I I 
6 

- ? - 
L N S  

L- L 
P L A N  

- _I 
* Y 1 

BOTTOM STEEL TOP STEEL 

Bors F I  through F5 ore contatned in <he f i r s t  pour. All reinforcing 
steal Is round. St. is on abbreviation f o r  straight. 

QUANTITIES 

PIPE DIAMETER REINF. CONCRETE REINF. ST€ - . -- - - - ----- 

NOTES 
I. ~loss"B"concrete. f i  = 3,000 psi. fs =20,000 psi 

2. All exposed edges will hove 8 inch chomfer 

3. A11 reference t o  pipe diameter is the inside 
diometer o f  the out let  pipe. 

4. The bor mork numbers indicote the respective 
bor locations. 

5. Quantities include columns,tie beom,and footing 

6. All steel plocement dimensions are to  center 
of bors. 

FIGURE F - 7  

CANTILEVER OUTLET BENT 
EWP Un i t  Port land, Oregon 

SECTION C-C  



- _ - - - . - - - . . . 
7+--4 1-0 2 4  5 - l l ' S I 0  1-5 3-1'/2 -1-5 142-0 

2 4" 3-6 1-9 : B2 . 
1-0 4 23-6 St. _- --- 9 4 - 0  

8 3  4 I -0 4 -  3-0.- st. -- - _._ - 20-0 
8 4  9 2 23-6 St  47-0 

Chomfer 

I S O M E T R I C  V I E W  

S E C T I O N  A - A  

4 - -. 
SIDE E L E V A T I O N  

C 
SIDE' E L E V A T I O N  

R E F E R E N C E  

ES 107 

' 1 1 1  I The bor schedule is listed in the 
opproximote order of plocement. 
All reinforcing steel irround. St. 

I I- tc nn abbreviotion for  stroight 

TYPE SIO 

B A R  T Y P E  DETAIL 

Q U A N T I T I E S  

497.47 Ibs. 

516.18 Ibs. 

6.97 cu. yds. 553.92 Ibs. 
. . . 

- - - - - - -. 8.06 cu. yds. - - . .- -- - -. - 641.24 Ibs. 
6 0  in. 9.21 cu.yds. 730.75 Ibs. 

PIPE DIAMETER 

2 4  In. - 
3 0  in. 

NOTES 
I. ~ l o s s ' b "  concrete, fk  =3,OOO p s ~  fS = 20,000 pst 
2 Al l  exfosed edges wtll hove q ~ n c h  chomfer 

3. Al l  reforence to  pipe diometer i s  th'e inside diometer o f  the 
the outlet pipe. 

REINFORCED CONCRETE 

3.26 cu. yds. 

4.09 cu. vds. 

4  he outlet pipe wtll be standard strengh RIC pipe wittt on 
on over-oll length o f  2 4  feet .  

REINFORCING STEEL 

330.81 Ibs. - - 
400.89 Ibs. 

5. Quontities include the beam only 

6. The bcr mork numbers are the respective bar  locotions 

7. All steel placement dimensions ore t o  center  o f  bars 

FIGURE F-8 

CANTILEVER OUTLET DETAIL 
EWP Unit Portland, O r e g o n  



HALF ELEVATION 1 SEGT~ON ON Q 

- DETAILS OF 
Bbck 

BENT 
, SECTION "A-A' 

S C A L E -  we": 1'-0" 

REFERENCE : 3-L -12524  Rrv,sco 3-22-53 

S C A L E -  3/8"=11-0. 

SCALE - 3/;$'= 1'-0" UNLESS SHOWN 

= - --L- 

FIGURE F-9 

CANTILEVER OUTLET 
TIMBER BENT 

E W P  Unit Portland, Oregon 



u 

SECTIONAL ELEVATION 

;"preformedJ ' --=q 
jomt f i l ler 

SECTIONAL ELEVATION 

Notes: - 
Structure ,s symmetnco/ obout g 
Chomfer exposed edges $ mches 
Splice length N inches 

Class 3 0 0 0  Concrete 

f, = 2 0 , 0 0 0  ps, 

f ; ;  3 0 0 0  ps, 

I, : 1350 PS, PLAN 

Refer to Table J - F I  for 
refmemen1 m concrete volume 

u 

SIDEWALL ELEVATION 

HEADWALL ELEVATION 

,-5 Preformed p n f  filler 

WINGWALL ELEVATION 

SECTION @ 

HALF ISOMETRIC VIEW 

TABLE OF QUANTITIES 

l D of 
Type of pipe 

pipe ASTM 7 6 8  AWWA Steel 8 
I,,, AWWA C 302 C300  R C301 C M P 

20 1 I 3.65 1 3 . 6 8  
Concrete 21 1 365 1 1 3.67 

24 1 -- 8 
3.63 1 - - 3.63 1 366  

I L I  I 5.bl 1 1 3.64 
Remf Steel I 274 Ibs 

Str  

BAR TYPES 

P. W D. BASIN SIZE D 
PORTLAND. OREGON E B  W P  UNIT 

F I G U R E  F-I0 - 

E P.W.D. BASIN 
- 
.... 

EWP Unit Portland, Oregon 

TABLE OF QUANTITIES - 

..... 

Concrete 

.................................. 

cu yd 

.................. 

Reinforcmg steel 

D , = m  , 

2 7 4  lbs 

Traced.-~ ................................. 

............................ Checked .........it..... 

..... 
............................... TNe 

Sheel ~ r a w ~ n g  NO 

. NO 



CONDITION I Rock riprap not required F -41 

Conduit Diameter  ( inches)  

CONDITION 2 Rock riprap required 

When unit cost rotio of R/C to rock riprap is less than 13 use Chart  B . I f  the  
rotio is greater  than 13 compare costs o f  the structure selected. f rom Char t  B 
with that of a contilever and armored plunge pool. 

100 

80 

60 

5 0  

40 

3 0 
E 
O h  
D + 

20 
al 

y 2z 
0 -0 
rn 0 
E w 
0 I 
t 

10 

8 

6 .  

5 .  

4 fl 

38 I0 18 21 

Note: 

[.See Figure F- 2 I I \ I I 

See Figure f -/ 
for s ire  selection 

27 30 36 4 2  4 8 5 4 6 0  72  
Conduit Diameter (inches) 

Chorts A and B opp/y for fu// 
conduit f /o w. 

FIGURE F-  l I  

OUTLET STRUCTURE 
S E L E C T I O N  CHARTS 

EWP Unit Port\and, Oregon 






